Object. In this study, the authors' goal was to minimize false-negative results in the detection of ruptured cerebral aneurysms.
S
pontaneouS SAH can be aneurysmal or nonaneurysmal in etiology, and patients with aneurysmal SAH have a worse prognosis. 13 A major determinant of poor outcome in patients with aneurysmal SAH is rebleeding, which carries a mortality rate of 80%. 11 Aneurysmal rebleeding occurs in 4% of patients by 24 hours, 20% by 2 weeks, and 50% by 6 months after the initial event. 4 Therefore, early identification and treatment of a ruptured aneurysm is critical.
While catheter angiography remains the gold standard for detecting cerebral aneurysms, this invasive procedure is associated with some risk (SAH-specific neurological morbidity in 3.2% with permanent disability in 0.04% and mortality in 0.17% of patients). 8 Consequently, CT angiography has been gaining acceptance as a diagnostic and pretreatment planning study for cerebral aneurysms. 1, 2, 6 Regardless of the imaging modality used, false-negative results should be minimized. In this study, we evaluated the utility of patient medical history and clinical presentation to predict aneurysm rupture. Our results help guide the clinician in choosing the most appropriate tool for detection of a ruptured aneurysm.
Methods
We reviewed the clinical and radiological information in consecutive adult patients (> 18 years old) admitted to our hospital with a diagnosis of acute SAH between January 1, 2002, and January 1, 2008. Subarachnoid hemorrhage was diagnosed on the basis of clinical as well as radiological and/or CSF findings. Only patients admitted from our emergency department or those who were transferred from another emergency facility within the first 24 hours after their bleeding event were included in this study. In all cases, admission CT scanning was performed within 24 hours of SAH.
Loss of consciousness was defined as witnessed unresponsiveness with or without motor activity suggestive of an epileptic event. Clear self-described "loss of time" was also accepted as an indicator of unresponsiveness if a witness was not present. Patients who were unconscious at admission were included in the LOC group. However, patients who recalled going to bed without symptoms and subsequently awoke with a headache were not included in the LOC group. Current smoking was defined as use
The use of clinical and routine imaging data to differentiate between aneurysmal and nonaneurysmal subarachnoid hemorrhage prior to angiography of tobacco products within 3 years of the bleeding event. History of smoking denoted cessation of tobacco use for more than 3 years prior to the bleeding event. Clinical status at initial presentation was graded based on the WFNS grading system. 3 A poor clinical grade was defined as a WFNS score of IV or above. The clinical grade was dichotomized at a cutoff score of IV. The degree and distribution of subarachnoid blood noted on the initial CT scan was graded based on the Hijdra scale. 5 In short, the amount of SAH in 10 individual cisterns or fissures was quantified: 0 indicates no blood; 1, small SAH; 2, moderate SAH; and 3, completely filled SAH. These scores were added to yield an SAH sum score that ranged from 0 to 30. The amount of intraventricular hemorrhage was quantified in both lateral, the third, and the fourth ventricles as follows: 0 indicates no blood; 1, sedimentation; 2, moderately filled; and 3, completely filled, leading to an intraventricular hemorrhage sum score ranging from 0 to 12. The HSS was based on the combination of these 2 values and ranged from 0 to 42. The median HSS value was used as cutoff point for dichotomization.
The initial DS angiography study was typically performed within 1 day after admission. An additional study was performed 5-7 days later in patients in whom the initial angiography study did not reveal abnormalities. A nonaneurysmal SAH designation was assigned if no aneurysms were detected in at least 2 consecutive catheter angiographic studies or other causes of SAH were identified (such as intracranial artery dissections, dural arteriovenous malformations, mycotic aneurysms, fusiform aneurysms, bleeding disorders, substance abuse, or a cervical origin of the hemorrhage). Subarachnoid hemorrhage associated with intracerebral hemorrhage, subdural bleeding, or arteriovenous malformation rupture was excluded. Nonaneurysmal SAH was further characterized based on the pattern of bleeding seen on the original noncontrast head CT study. Patients with a pretruncal (perimesencephalic) SAH pattern were excluded. Threedimensional rotational views were acquired when the initial angiogram did not show abnormalities or endovascular coiling was entertained. Additional angiograms were performed when the diagnosis of vasospasm remained in question or endovascular treatment (balloon angioplasty or papaverine/calcium channel blocking agent infusion) was being considered.
The Pearson test was used to compare dichotomized variables, and the 2-tailed t-test was used to evaluate continuous variables. Equivalent nonparametric tests were used, as appropriate. We used a logistic regression model to evaluate the candidate predictors for subsequent detection of a ruptured aneurysm in a multivariable setting. This model included 5 variables that were associated with outcome of interest in univariate analysis (p < 0.05). All statistical analyses were performed using JMP data analysis software (SAS Institute). The median HSS value of 22 and an aneurysmal diameter of 6 mm were used as the cutoff points for dichotomization, in respective cases. The internal carotid artery, middle cerebral artery, anterior cerebral artery, and both the anterior and posterior communicating arteries were considered part of the anterior cerebral circulation. The vertebral arteries, anterior and posterior inferior cerebellar arteries, basilar artery, and posterior cerebral arteries were considered part of the posterior cerebral circulation. A p value < 0.05 was considered statistically significant. The study protocol was approved by the institutional review board.
Results
The final analysis included 199 patients with acute SAH. A study flowchart is illustrated in Fig. 1 . The mean age of the patients was 56.2 ± 13.4 years (± SD). The female to male ratio was 1.6:1. A ruptured aneurysm was detected in 167 patients (84%). With the exception of current smoking (p = 0.005, OR 3.2) and statin therapy (p = 0.03, OR 0.36), the distribution of medical comorbidities and therapies were similar between the aneurysmal and nonaneurysmal subgroups ( Table 1 ). The association between tobacco use and aneurysmal SAH, however, was not apparent in previous smokers (defined as abstinent for a period of ≥ 3 years prior to the bleeding event, p = 0.29). Other variables associated with aneurysmal SAH in univariate analysis are presented in Table 2 . A multivariate model including these variables was created. Ictal LOC (p = 0.0002) remained predictive of aneurysm rupture (Table 3 ). In our cohort of patients with SAH, the positive and negative predictive values of ictal LOC for detection of ruptured cerebral aneurysm(s) were 100% and 27%, respectively ( Table 4) .
The median aneurysm diameter in this cohort was 6 mm. One hundred thirty-five aneurysms (81%) were identified in the anterior cerebral circulation. Neither the size (p = 0.06) nor the location (p = 0.96) of each aneurysm was associated with ictal LOC. Thirty-nine ruptured aneurysms (23%) measured ≤ 4 mm in diameter. The rupture in 8 (21%) of such small aneurysms was accompanied by LOC.
Discussion
To our knowledge, our study of consecutive patients presenting with SAH shows for the first time that an account of LOC at ictus has a high positive predictive value (100% in our population) for the presence of a ruptured aneurysm on cerebral angiography. Our results further suggested that active smoking increased, whereas ongoing statin therapy reduced, the likelihood of finding an aneurysm on catheter angiography.
Aneurysm rupture is the main cause of spontaneous SAH, and misdiagnosis results in increased morbidity and mortality. Catheter DS angiography has been the gold standard for aneurysm detection and, in combination with 3D rotational views, offers unparalleled visualization of an aneurysm's configuration. However, this procedure is invasive and may be associated with neurological complications. Hence, the potential usefulness of CT angiography as a noninvasive imaging modality for detection of intracranial aneurysms has been evaluated. In fact, it is not surprising that at some institutions CT angiography is viewed as the sole diagnostic and pretreatment planning study for cerebral aneurysms. 1, 6 Unfortunately, even the most advanced CT scanners occasionally do not detect aneurysms smaller than 3-4 mm in diameter. 10 It is clear that future advances in CT technology will address its current shortcomings but, in the meantime, false-negative results should be minimized. The results of our study are a means to that end. A report of LOC at the onset of subarachnoid bleeding accurately predicts aneurysm rupture as the underlying cause. Therefore, if less invasive imaging modalities fail to detect an aneurysm in these patients, performance of combined DS angiography with 3D rotational views is particularly justified. The cause of LOC at the time of aneurysm rupture is not fully clear. We speculate that the force of aneurysm rupture and sudden increase in intracranial pressure is a major contributing factor.
Some corollary results in this study deserve special mention. Previous studies have established cigarette smoking as a risk factor for aneurysmal SAH 7, 9, 12 in a dose-response manner. 12 It has been postulated that transient increases in blood pressure caused by smoking may lead to aneurysm formation and subsequent rupture. 9 In a case-control study, however, a history of smoking was not associated with aneurysmal SAH, suggesting that detrimental effects of tobacco use may be reversible. 7 In our cohort, the same pattern was observed, and the association between tobacco use and aneurysmal SAH was not apparent in previous smokers (defined as abstinent for a period of ≥ 3 years prior to the bleeding event; p = 0.29). Yet the small number of past or current smokers in our nonaneurysmal subgroup precludes definite analysis of this outcome. The same limitation applies to the association between statin therapy and aneurysmal SAH. Our results suggest that patients with SAH who used statins at the time of the bleeding event were 0.43 times as likely as their statin-naïve counterparts to have an aneurysmal rupture. Since hyperlipidemia is not associated with aneurysmal SAH, it is plausible that statins may have a protective effect on aneurysmal formation and rupture. This possibility should be studied in a prospective study to assess the utility of statin therapy in medical treatment of unruptured cerebral aneurysms.
We would like to acknowledge some limitations of our study. First, there is a potential for selection bias due to referral patterns to a tertiary care center. In particular, patients with less severe ictal events who were more stable for transport may have been overrepresented in our cohort. We attempted to minimize selection and referral bias by restricting inclusion into our study population. Only patients admitted from our emergency department or those transferred from another emergency facility within our institution's catchment area were included in this study. Second, this is a retrospective study and our results would need to be confirmed prospectively. Nevertheless, we consider that none of these potential limitations negate the validity of our results.
Conclusions
Loss of consciousness at the onset of subarachnoid bleeding is associated with a high likelihood of finding an aneurysm on catheter angiography. This simple pearl may provide complementary information to physicians deciding on the workup of these patients. A negative CT angiography study in these cases may be a false result, and high-quality catheter angiography should be performed.
